Rapid emergence and a vigorous growth prevent the seed tubers from infections by soil microbes and allow a rapid interception of solar radiation. In this work, the effect of the potassium phosphites (KPhi) applied to seed tubers of two potato cultivars on crop emergence and early growth was studied. Two experiments were performed under greenhouse and field conditions. Emergence of plants, leaf area, dry matter and the number of primary stems were measured in both experiments. Furthermore, mycorrhizal colonization was also measured on roots under field conditions. The application of KPhi reduced the period between planting and emergence, and increased leaf area and dry matter. The ratio between dry matter of aerials and underground organs was not affected by KPhi. Indigenous mycorrhizal colonization increased after KPhi application to seed tubers. These results confirm the benefit of the application of KPhi to seed tubers on early plant growth and suggest that their application in crop production would be advantageous.
Introduction
A rapid emergence of potato plants allows a rapid increase of intercepted radiation and crop growth preventing infections or damage of seed tubers caused by soil microbes and insects [1] . A vigorous sprout growth before emergence is also helpful to overcome soil mechanical resistance [2] . Phosphites (Phi) applied alone, or combined with Ca, K, Al, Mn, Mg, Zn or S, could protect plants against diseases [3] . They could exert both direct (inhibition of mycelium growth, alterations in membrane metabolism, and reduction in zoospore production [4, 5] ) and/or indirect (activation of plant defense responses [6, 7] ) mode of actions against diseases. The use of Phi to manage foliar potato diseases is broadly extended in developing countries [8] and positive effects of the application of KPhi to seed tubers on plant emergence and the number of stems have been already reported in Argentina [9] .
Some attempts indicate that introduction of arbuscular mycorrhizal fungi (AMF) could be a strategy to optimized micro-tuber production and thus improve potato growth [10, 11] . However, results about Phi's effects on mycorrhizal colonization in roots have been conflicting [12, 13] mainly due to a probable inhibitory effect of Phi on high-affinity phosphate transporters of AMF expression [14] . Moreover, although potato is an important The Application of K Phosphites to Seed Tubers Enhanced Emergence, Early Growth and Mycorrhizal Colonization in Potato (Solanum tuberosum) 133 staple food and horticultural crop in Argentina and worldwide [15] , to our knowledge there is no information regarding the effect of the Phi application to the seed tubers on early potato growth and mycorrhizae formation. Then, the aim of this work was to study the effect of the application of KPhi to seed tubers on the early growth and mycorrizae formation of potato plants.
Materials and Methods
A greenhouse experiment (Exp. Measurements of leaf area, dry matter and number of primary stems were performed on 9 plants per treatment, 52 (Exp. 1) and 60 days after planting (Exp. 2).
Leaf area was determined as the sum of all green leaflets of each leaf of the plant. Leaf area in Exp. 1 was assessed with an area meter (Li3000, Li Cor Inc., Lincoln, NE, USA), and in Exp. 2 with a linear adjustment obtained from the length and width of each leaflet in Exp. 1 for each cultivar (P ≤ 0.0001). Dry matter per plant was determined as the sum of dry matter of leaves, stems, roots and tubers, dried in a stove at 60˚C until constant weight. Leaf area and dry matter were expressed per primary stem. The ratio below to above ground dry matter was calculated as the quotient between the sum of the dry roots and tubers, and the sum of the dry stem and leaves. A stem was considered as primary when it appeared directly from below ground. In Exp 2, roots were separated from the soil by dry sieving (2 mm) and stained with a trypan blue (0.05%) in distilled water-acid lactic-glycerol (1:1:1) solution according to the modification of the Phillips and Hayman method [16] , in which the phenol reagent has been omitted. Arbuscular mycorrhizal colonization (AMC) and the proportion of arbuscules (A) on potato roots were quantified by the Trouvelot et al. method [17] .
A completely randomized design with 3 and 4 replications was used for Exp. 1 and Exp. 2, respectively. The experimental unit was 5 pots, or 1 plot (17 m 2 surface), in Exp. 1 and Exp. 2, respectively. Results were analyzed for significance by the analysis of variance, and means were compared by Tukey's test at P ≤ 0.05 level of significance [18] .
Results and Discussion

Emergence
The application of KPhi to seed tubers increased emergence of plants (%) in both cultivars and experiments (P ≤ 0.05, Figure 1) .
In both experiments, the effect was greater in cultivar Kennebec than in Shepody (48% vs. 12%, average Exp. 1 and Exp. 2, Kennebec and Shepody, respectively). An interaction cultivar × treatment was detected in Exp. 1 (P = 0.0008). Working under greenhouse conditions with the same cultivars Lobato et al. [9] also found a benefit in the emergence of plants after application of KPhi or CaPhi to seed tubers. The effect of KPhi could be related to carbohydrate partition where stem growth was favored in detriment of root growth, and thus accelerating emergence.
Leaf Area
Leaf area increased with the application of KPhi to seed tubers in all tested situations with the only exception of cultivar Shepody in Exp. 2 (P ≤ 0.05, Figure 2) . In Exp. 1, leaf area of KPhi treated plants was 15% and 6% higher than C plants, for cultivars Shepody (P ≤ 0.05) and Kennebec (P ≤ 0.05), respectively (Figure 2(a) ). In Exp. 2, an interaction cultivar × treatment was detected (P = 0.003) and greatest difference was found in cultivar Kennebec (75% higher in KPhi than C, P ≤ 0.05, Figure 2(b) ).
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Dry Matter
Total dry matter increased around 25% after application of KPhi in most cases with the exception of cultivar Shepody in Exp. 2 (P < 0.05, Table 1 ). Differences in cultivar Kennebec were mostly the consequence of higher dry matter accumulation in leaves (13% and 35%, Exp. 1 and Exp. 2, respectively), stems (46% and 18%) and roots (16% and 50%), while in Shepody during Exp. 1 an increase in dry matter was only observed in leaves (19%) and roots (52%) (P ≤ 0.05, Table 1 ). An interaction cultivar x treatment was detected in Exp. 2 for this variable (P = 0.0006). As seen, plants from KPhi treatment which presented higher leaf area also produced higher dry matter than control plants, probably as a consequence of a greater intercepted radiation. McDonald et al. [19] also reported a benefit of KPhi on growth of potatoes plants related to an effect on physiological functions. In our study, differences in total dry matter never included differences in dry matter of tubers. This was probably the consequence of an early evaluation which could prevent to trigger the enhance effect. An evidence of this could be observed in Exp. 1, where even not significant the application of KPhi increased dry matter of tubers, 31% and 60% in Shepody and Kennebec, respectively (P = 0.2727, Table 1 ).
Ratio Below to Aboveground Dry Matter
The application of KPhi to seed tubers did not affect the ratio below to aboveground dry matter in both cultivars and experiments (P > 0.05, Table 1 ). In Exp. 1, a significant effect of the cultivar was observed for this variable and cultivar Shepody showed a ratio 59% higher than Kennebec (P = 0.005). Partially in opposition to our results, Thao et al. [20] reported a decreased in this ratio in hydroponic spinach culture treated with KPhi applied to foliage and where Pi (inorganic phosphorus) was scarce in the soil. Although plants with Pi deficiency usually increase more the root system than aerial organs, the opposite was observed after KPhi application in tomato [14] and Arabidopsis [21] . In our work, the root weight was mostly increased as a consequence of the application of KPhi to seed tubers.
Number of Primary Stems
Depending on the cultivar and/or the growing conditions, the application of KPhi to seed tubers increased, decreased or did not affect the number of primary stems ( Table 1) . In both experiments, an interaction cultivar x treatment was detected (P ≤ 0.05). Under certain conditions or cultivars, carbohydrates could be prioritized to differentiation and growth of primary stems instead of roots growth. Differences in partitioning of dry weight and carbon translocation to different organs could be modified by environmental conditions as high temperatures or photoperiod [22] . A different number of stems between experiments as was observed in Shepody, could be related to the size of seed tubers as reported in literature [23, 24] . Genotypic differences could explain that in Kennebec this effect was not found.
Mycorrhizal Colonization
The application of KPhi to seed tubers increased arbuscular mycorrhizal colonization and the proportion of arbuscules of the roots in both cultivars. Differences of more than 300% were observed in both variables (P ≤ 0.05, Figure 3) . In opposition to previous reports, in our work, the KPhi application to seed tubers not only did not inhibit [25] or did not affect [12, 13] mycorrhiza formation, but also stimulated it. Mycorrhizal colonization was lower than expected, however, within values found in literature [10, 11] . These results are, to our knowledge, the first contributions on the degree of indigenous mycorrhizal colonization of potato in Argentina and its relation to the application of Phi to seed tubers.
Conclusion
The application of KPhi to seed tubers enhanced emergence of plants, leaf area and early dry matter in most studied situations. These results could be partially the consequence of a stimulated arbuscular mycorrhizal colonization after KPhi application to seed tubers. After these results, we have scientific evidence to propose the application of KPhi to seed tubers in crop production.
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